When density is used as the defining parameter, the protein-bound lipids of human serum are divisible into three categories: the chylomicra (density less than 0-95 g./ml.); low-density (0-96-1-062 g./ml.) lipoproteins; and high-density (greater than 1-065 g./ml.) lipoproteins.
highly trained and skilled personnel. There is still a need for a simple, rapid and specific method, within the capacity of any reasonably equipped laboratory, which will provide at least an estimate of the overall concentration of these lipoproteins.
The following method (developed in this laboratory primarily as a screening procedure allowing the selection of sera for detailed characterization by more elaborate physico-chemical methods) appears to fulfil this need and is proffered as one which may find application both in routine clinical use and possibly also in population survey work.
Its use for the latter purpose is illustrated by accounts of investigation of the ranges of variation of serum levels of these proteins encountered (a) in healthy males and females of various ages; (b) during repeated observations on a given healthy individual; and (c) in cases of thyroid dysfunction.
MATERIALS AND METHODS
DEXTRAN SULPHATE The materials used in the development of this method were prepared by Dr. C. R. Ricketts from dextran of intrinsic viscosity 0-485. The dextran was sulphated as described by Ricketts (1952) to 627 yield batches varying in sulphur content between 12-2 and 18-2% by weight and corresponding to molecular weights of 446,000 to 648,000. Dextran sulphate was used in solutions containing 0 5 g./100 ml. (w/v) in 0-1M calcium acetate or calcium chloride, except where otherwise stated.
Dextran sulphate of molecular weight approximately 500,000 is available commercially from Pharmacia Ltd., Uppsala, Sweden, and has been found to be equally suitable.
For the assay method a solution of 0 5 g./100 ml. was prepared in 0-1M calcium acetate or calcium chloride.
CALCIUM SOLUTIONS Calcium acetate 0-1M was used in the initial studies. Later 0-1M calcium chloride was substituted and incorporated in the buffer used (see below).
BUFFER SOLUTION For the initial experiments, sodium diethylbarbitone/hydrochloric acid buffer at pH 9 0 was used. Later, the following calcium-containing buffer was devised:
Sodium diethylbarbitone .18040 g. Calcium chloride 1 -2 429 g.
N. hydrochloric acid.
590 ml. Distilled water to . litre The pH should be 9 0 ± 0 05.
LOW-DENSITY LIPOPROTEIN STANDARD SOLUTIONS These
were prepared from lipoprotein freeze dried in sucrose and isolated by the method of Oncley, Walton, and Cornwell (1957) from pooled normal human plasma. The concentration of lipoprotein in the standard freeze-dried material was measured by the dried weight procedure of Russ, Raymunt, and Barr (1956) . Material prepared from two separate large plasma pools was compared and no difference was demonstrable between them. In each case the preparation was found to be 98 % pure as judged by electrophoretic and immunological techniques. For the latter, the quantitative gel-diffusion precipitin method of Soothill (1962) was used. This method was also used to judge the specificity and completeness of precipitation of low-density lipoproteins by dextran sulphate. Standard solutions of lipoprotein of varying strengths were made up in 0-15 M sodium chloride and used immediately.
STORAGE OF REAGENTS Stock solutions of all reagents were stored frozen, 0-01 % sodium azide being added to prevent bacterial and fungal growth while solutions were in the thawed state.
ULTRACENTRIFUGAL PROCEDURES The ultracentrifugal analysis of serum was carried out by a saline density gradient method essentially similar to that of Havel, Eder, and Bragdon (1955) . Sub-fractions were further characterized, where necessary, in the model E Spinco analytical ultracentrifuge in a saline solution of density 1-063 g./ml. as described by DeLalla and Gofman (1954) .
MEASUREMENT OF OPTICAL DENSITY This was carried out at 680 m,u in standard glass cells in a spectrophotometer. At various times, the Unicam SP.500 and SP.600 instruments and the Hilger Uvispek were employed. It was found these instruments could be used interchangeably without affecting the results.
RADIO-IODINATION Samples of purified low-density lipoprotein and of human albumin were subjected to radioiodination by a modification of a technique described by McFarlane (1956) .
RADIOACTIVITY MEASUREMENTS Gamma-ray counting of 1311-labelled low-density lipoproteins was performed in a standard well-type thallium-activated sodium iodide crystal scintillation counter. Counting times were designed to ensure a total of 2,500 counts above background, i.e., a counting accuracy of ± 4 %.
PLASMA FRACTIONATION This was carried out by the cold-ethanol fractionation procedure of Cohn et al., as described by Strong (1948) .
Estimation of low-density lipoproteins by the 'immunocrit' procedure of Heiskell, Fisk, Florsheim, Tachi, Goodman, and Carpenter (1961) was carried out with the Beta-L test kit supplied by Baxter Laboratories Ltd., High Wycombe, Bucks.
'NORMAL' SERA Venous blood samples were obtained from students, laboratory technicians, and staff of the Medical School and Queen Elizabeth Hospital, Birmingham. Sera were also obtained from out-patients attending the latter hospital for minor complaints or for late convalescent follow-up appointments. These sera were supplemented with samples from selected in-patients who had been fully ambulant, in apparent good health, and who had been admitted for such 'cold' surgical procedures as hernia repair or tonsillectomy. Analysis of the grouped frequency distributions by age of serum low-density lipoprotein levels between in-patient 'normals' and the other groups showed no significant difference of distribution.
Only 12 sera from children under 14 years of age were obtained from the foregoing sources. These were supplemented with blood samples similarly selected from in-patients and out-patients attending the Children's Hospital, Birmingham.
SERUM CHOLESTEROL ESTIMATIONS These were carried out by the methods of Henly (1957) and of Crockson (1962 At pH 9 0, on the other hand, minimal precipitation of fibrinogen occurred with dextran sulphate, as previously noted Sasaki and Noguchi, 1959) and only traces of y-globulins were precipitated but strong interaction still occurred with the low-density lipoprotein. However, the complex was unstable in the absence of added calcium ions, tending to re-dissolve on standing.
On the other hand, the addition of 0-1M calcium acetate or calcium chloride to the system produced irreversible and stable precipitation of the lowdensity lipoprotein. Centrifugation of the precipitate followed by immunological testing of the supernatant showed that removal of low-density lipoprotein, in these circumstances, was virtually complete.
In view of these observations, the factors influencing optimal interaction of dextran sulphate with the low-density lipoproteins were investigated systematically and quantitatively.
Effect of calcium ion concentration The effect, at pH 9 0, on the interaction between purified lowdensity lipoproteins at various concentrations and dextran sulphate, of variation of the calcium content of the system is illustrated in Figure 1 . It will be observed that in each case the precipitation curve reached a plateau. But this plateau was attained with a lower calcium ion concentration for lower lipoprotein concentrations. When this experiment was repeated with 1311. labelled sub-fractions of these lipoproteins, it was noted that a higher Ca ion concentration was needed to ensure maximal precipitation of the Sf2O-400 sub-fraction than was necessary for the Sr3-9 subfraction.
When a similar experiment was carried out with serum ( Fig. 2) it was found that the precipitation curve was initially similar in shape but, after attaining a plateau, a second further increase in precipitation occurred. Examination of the composition of the precipitate at various points on this curve showed that from its origin to the termination of the plateau portion the precipitate contained lowdensity lipoprotein alone. On the other hand, the secondary rise in the curve appeared to be due to the precipitation of 7S-and 19S-y globulin in addition.
When serum was artificially enriched with lowdensity lipoprotein, the general shape of the precipitation curve was unchanged though it was displaced upward (Fig. 2) Bernfeld, Nisselbaum, Berkeley, and Hanson, 1960) it was found that the amount of dextran sulphate necessary to produce this effect was greatly in excess of the range shown. Accordingly, a point well along the plateau (marked Y in Fig. 3 ) was chosen and the concentration of dextran sulphate corresponding to this adopted for the assay method to be described. In this way, a moderate excess of dextran sulphate was provided to allow for possible weighing errors in the preparation of standard solutions or pipetting errors.
Effect of variation in sulphur content and molecular size of dextran sulphate Three laboratory scale preparations containing respectively 12-2, 16-0, and 18-2 % sulphur and two commercial preparations containing 17 ± 0-5% sulphur were examined. It was found that all these preparations could be used interchangeably. The three laboratory scale preparations and one of the commercial batches were all of molecular weights around 500,000. On the addition of dextran sulphate to solutions containing low-density lipoproteins it was found that turbidity increased rapidly to a maximum at five to 10 minutes. Thereafter, if tubes were allowed to stand undisturbed the precipitate tended to aggregate as floccules and readings were inconsistent. But if the tubes were shaken vigorously the precipitate became restored to a fine suspension and measurements made on tubes so treated, even after storage for periods up to 24 hours at 4°C., showed no significant difference from the initial 10-minute reading.
Results were most reproducible if reagents were added in the order given below. TECHNIQUE ADOPTED FOR STANDARD METHOD As a result of the preceding investigations the following procedure was adopted as a standard technique:
The following reagents were added, in the order specified, to a series of 3 in. x i in. test tubes.
1 Blank 4-8 ml. calcium barbitone buffer 0-2 ml. dextran sulphate solution 2 Unknown 4-6 ml. calcium barbitone buffer 0-2 ml. dextran sulphate solution 0-2 ml. serum or low-density lipoprotein solution depending on the concentration of chylomicra in the initial serum specimen.
The tubes were allowed to stand at room temperature for five to 10 minutes. They were then inverted sharply twice to distribute the precipitate evenly and the optical densities of tubes (2) and (3) were read at 680 m,u in the spectrophotometer using solution (1) as blank. If values exceeding an optical density of 10 were obtained, the procedure was repeated using 0-1 ml. serum and 4-5 ml. calcium barbitone buffer (the necessary allowance for this dilution being made by doubling the result obtained). Correction for inherent serum turbidity, where necessary, was made by subtracting the optical density reading of tube (3) from the corresponding tube (2) for the same specimen.
Derivationi of results The optical density readings for tube series (2), corrected where necessary for inherent serum turbidity as detailed above, were multiplied by 1,000 and the corresponding concentration of low-density lipoprotein obtained from the calibration curve (Fig. 4) .
Additional points It was found necessary to ensure that: 1 The initial serum or lipoprotein samples were free from shreds of fibrin, cellular debris etc. Traces of haemolysis were found not to interfere with the estimate. Plasma could not be used because of the interaction of dextran sulphate with fibrinogen. 2 Spectrophotometer cells were kept scrupulously clean and free from traces of detergents. 3 Since the volume of serum necessary was small, readings were carried out in duplicate to reduce the error of the method and increase reproducibility. It was found that the critical measurement was that of the 0-2 ml. volume of serum. The method tolerated slight inaccuracies in the pipetting of the other reagents. These observations also suggested that substances other than the low-density lipoprotein did not contribute appreciably to the turbidity produced under these conditions by dextran sulphate (cf. Bernfeld, Berkowitz, and Donahue, 1957) .
When dilution of serum was effected by using 4-4 ml. buffer and 0-1 ml. serum, the optical density readings obtained corresponded to low-density lipoprotein levels lying consistently within the range of 50 ± 8 % of the result for the same sera undiluted. This applied only over the range of greatest accuracy of the spectrophotometer, i.e., for serum samples which when assayed undiluted gave optical density readings between 0-1 and I 0. Beyond this range the correlation was 50 x 17 Y.
SPECIFICITY OF ASSAY METHOD IN RELATION TO OTHER
SERUM PROTEINS. Immunological assay of the precipitate from four sera (ranging in low-density lipoprotein content from 300 to 1,500 mg./100 ml.) revealed only traces of albumin, y-globulin, or siderophilin. The low-density lipoprotein-dextran sulphate complex varies in solubility with the ionic strength of the environment. On stirring the precipitate in 2M sodium chloride the complex dissociates but re-forms on subsequent dilution with 0-02M calcium acetate and can be recovered by centrifugation. On repeating this process twice, the washed lipoprotein was found to be freed from detectable albumin, y-globulin, or other serum proteins. These findings suggested that the initial 'contamination' of the lipoprotein precipitate was due to the entrainment of other serum proteins in the crude precipitate rather than their specific precipitation by dextran sulphate.
On the addition of 1311-labelled human albumin to serum and subsequent treatment of the serum with dextran sulphate under the conditions described, only 5 to 70% of the 1311 label was detectable in the initial precipitate.
The dextran sulphate method was also applied to the serum from a case of congenital deficiency of low-density lipoprotein (Salt, Wolff, Lloyd, Fosbrooke, Cameron, and Hubble, 1960) . This patient's serum was known to contain 22 mg./100 ml. of cholesterol. Low-density lipoproteins were undetectable by paper electrophoresis or ultracentrifugally and found to be below the limit of sensitivity of a gel-diffusion precipitin assay method (Soothill, 1962) . The dextran sulphate method applied to this serum gave a turbidity equivalent to a low-density lipoprotein level of 20 mg./100 ml. as compared with a normal value of about 400 mg./100 ml. at this age.
These findings were therefore interpreted as showing that very little precipitation of serum proteins other than low-density lipoproteins occurred under the conditions described.
SPECIFICITY OF THE ASSAY METHOD IN RELATION TO PROTEIN-BOUND SERUM LIPIDS
Yield oflow-density lipoprotein Immuno-assay of the supernatant after treatment of serum with dextran sulphate indicated that over a range of serum low-density lipoprotein levels of 400 to 950 mg./100 ml., between 90 and 95% of the lowdensity lipoprotein was removed by the dextran sulphate interaction.
The low-density lipoproteins from patients with thyroid disease, hypercholesterolaemia, and hyperlipaemia were isolated, labelled with 131I, and re-infused during the course of studies on the turnover of these proteins (Scott, 1962; Scott, Dykes, Davies, and Walton, 1963) . Sera withdrawn during the course of these studies and containing 1311_ labelled low-density lipoprotein were treated with dextran sulphate under the standard assay conditions but using larger volumes. The precipitate was removed by centrifugation and the radioactivity in the supernatant counted. The results showed that 85 to 95% of the radioactivity was removed in the precipitate despite wide variations in the total lowdensity lipoprotein concentration in the initial sera and also wide variation in the relative distribution of Sf classes between sera.
Moreover, when the distribution of the 1311-label among the Sf classes in the dextran sulphateprecipitated lipoprotein was checked by ultracentrifugal analysis, the radioactive label was found to be distributed in proportion to the Sf distribution Low-density (beta) lipoproteins ofserum in health anddisease using large molecular weight dextran sulphate 633
In the standardized dextran sulphate procedure, as previously mentioned, dextran sulphate is deliberately used at a concentration in excess of the minimum required to allow for a margin of error. That this concentration also ensures precipitation of low-density lipoproteins over the whole spectrum of Sr classes was verified in the following manner.
Sera containing 131I-labelled low-density lipoprotein were fractionated in a saline density gradient in the ultracentrifuge to yield fractions corresponding to Sf3-9, Sf10-20, and Sf20-400. Samples approximately equally to the turbidity while the Sf20-400 fraction contributed more turbidity than the fractions containing lower Sf classes. This result was in keeping with the observation that assays by the dextran sulphate method on sera in which the Sr20-400 class predominated did not correlate as closely with ultracentrifugal estimations as those for normal sera or for sera with overall elevation of low-density lipoproteins but with a normal Sf distribution (see below).
Contribution of chylomicra It has been suggested that the small amount of protein associated with the chylomicra may be derived by adsorption of both low-and high-density (a,-) lipoproteins on to the lipid of the chylomicra (Scanu and Page, 1959) .
In experiments using suspensions of isolated and washed chylomicra and also in comparisons made between serum samples from which chylomicra had been removed by preliminary centrifugation and serum samples not so treated, it was found that chylomicra could contribute a small error to assays of low-density lipoproteins by the dextran sulphate method. The correction applied for inherent turbidity of the serum (see technique adopted for standard method) was adequate in all but the most turbid serum specimens, in which it seemed probable that to some extent chylomicra were occluded in the precipitate. In extended clinical use the error introduced by the contribution of chylomicra has not proved to be of major importance.
High-density lipoproteins Immunological investigation by gel-diffusion methods showed the presence, occasionally, of traces of high-density lipoproteins in the crude dextran sulphate precipitate from whole serum but these were removed on washing the precipitate and hence were judged to be due to occlusion in the precipitate. Purified serum specimens it was found that the mean difference between observers was 6-7 mg./100 ml. on an overall mean figure of 521 mg./100 ml. (This difference, though small, was significant at the 1 % level.) No significant difference was encountered between the first and second readings for either observer. The standard deviation for the two observers (allowing for intra-observer error) was 17-1 mg./100 ml. It was concluded that each observer was able to undertake the measurements with a degree of accuracy of ± 9 % of the average normal serum concentration of lowdensity lipoprotein and thiswas regarded as acceptable.
On plotting the duplicate readings for low-density lipoprotein concentration for the serum specimens by both observers against the mean value for each specimen on logarithmic axes (Fig. 6) were carried out on the same serum samples by a density-gradient ultracentrifuge technique essentially similar to that of Havel et al. (1955) and by the dextran sulphate method. The data, when treated as grouped frequency distributions and analysed with the ultracentrifugal estimates assumed to be the independent variable, gave a correlation coefficient (r) of 0-972 (significance >0001). The scatter, in relation to the theoretical regression coefficient, and to the calculated 95 % confidence limits, is shown in Figure 7 . This correlation was regarded as adequate for the designed purpose of the dextran sulphate method.
WITH PAPER ELECTROPHORESIS Sixty-eight parallel estimations of low-density lipoproteins were carried out on the same serum samples by the paper electrophoresis method of Salt and Wolff (1957) and by the dextran sulphate method. The results, similarly treated and analysed with the paper electrophoretic method assumed to be the independent variable, gave a correlation coefficient (r) of 0-896 (significance >0-001). The scatter in relation to the theoretical slope and calculated confidence limits is shown in Figure 8 . The numbers tested were regarded as too small for detailed analysis but it was observed that the range of deviation of the dextran sulphate method in terms of the immunological assay was + 44 to -89% with a mean deviation of -19-6 %. Since the coefficient of variation for the immunological estimation itself is ± 14% (Soothill, 1962) An overall analysis of distribution of serum low density lipoprotein levels, disregarding age and sex differences, showed a fairly pronounced departure from a normal distribution, the mode being displaced to the left of the mean (Fig. 9A) . On replotting frequencies against the logarithms of the serum lipoprotein levels, the histogram obtained approximated more closely to the calculated normal distribution curve (Fig. 9B) , with closer correspondence between the mode and mean.
Distribution in relation to sex Separate analyses of distribution of serum levels in males and females gave essentially similar results to those obtained group.bmj.com on June 20, 2017 -Published by http://jcp.bmj.com/ Downloaded from above, the arithmetic plot giving histograms in which the mode was displaced to the left of the mean, the logarithmic plot histograms conforming more closely to the theoretical normal distribution curve ( Fig. 9C and D; E and F) .
Formal analysis of the data for symmetry confirmed these findings. It can be seen from Table I that the arithmetic normal distribution, when tested in each case, gave values for g1 (a term measuring skewness) which were positive and significantly different from zero, confirming the asymmetry due to positive skewing. On the other hand, the values obtained for g2 (a term measuring kurtosis, a departure encountered in otherwise symmetrical sets of data and characterized by either an excess or a deficit of items concentrated near the centre of the range) were negative, indicating some excess of moderate deviations from the mean, i.e., flat-topped distribution curves, as would be expected from the shapes of the histograms (see Fig. 9 ). The values of g2 were in no case significant, however.
It can also be seen from Figure 11 . The correlation coefficient obtained was r = 094 (significance >0001), which was regarded as satisfactory in the light of the known coefficients of variation for the techniques used.
It will be observed that the regression line in Fig. 11 crosses the abscissa to the right of the origin. This is because 60 to 80 mg./100 ml. of the normal total serum cholesterol is associated with a separate protein fraction (the high-density, or al-lipoproteins).
In confirmation of a previous observation (Wootton and King, 1953) it was found that total serum cholesterols also conformed to a logarithmic (Table II) .
Since this population sample was relatively small, comparison was made on the basis of the more usual procedure which assumes a normal distribution and calculates arithmetic means and symmetrical standard deviations.
It will be observed that no significant difference could be shown between the values obtained for the individuals in this restricted sample and those in the corresponding age range in the overall population sample previously examined.
It will be noted that in the above instance, the population samples were matched in age and sex. (1957) for a limited number of normal children, is set out in Table IV . Figures derived from ultracentrifugal studies published by Glazier, Tamplin, Strisower, DeLalla, Gofman, Dawber, and Phillips (1954) have been replotted for the age groups from 11 to 20 onwards, in decades for comparison with ours ( Fig. 13 , also see Table III ).
These figures were derived from North American populations possibly differing in living standards and dietetic habits from ours, and were obtained by a different method (calculated from analytical ultracentrifugal data). Although the mean values for each age group beyond the third decade differ from ours, similar trends are unmistakable in the general shapes and directions of the curves and a similar divergence between the graphs for the sexes is apparent.
COMPARISON BETWEEN MEAN LEVELS IN OTHER
POPULATION SAMPLES It has apparently not been appreciated previously that serum low-density lipoproteins conform to a logarithmic normal distribution, data previously published having assumed a normal distribution. In spite of the observations already presented which appear tô question the latter assumption, in order to allow comparison of our results with the data in the literature, in this and succeeding sections of this paper, we have reverted to the practice of calculating means, standard errors of means and standard deviations on the basis of a normal distribution.
It is possible that significant differences in lowdensity lipoprotein levels may also be found between economically and geographically distinct populations (cf. Keys and Grande, 1957) and that the distribution curves for these may show different degrees of skewing. When this consideration is added to differences which may arise from diversity in the techniques adopted for the estimation of the lowdensity lipoproteins, it is clear that no satisfactory basis for comparison exists and that only general agreement is to be expected. This is perhaps exemplified by Tables III and lV in In Table III a comparison has been made with two large population surveys of serum lipoprotein levels. From the data provided by Glazier et al. (1954) values for non-fasting subjects (comprising 2,105 individuals studied by the Framingham Heart Project of the U.S. Public Health Service, and 222 members of the Berkeley University population) have been re-grouped as 'mean standard SfO-12' plus 'mean standard Sfl2-400' lipoprotein levels to give a figure for 'total low-density lipoprotein' and the necessary recalculation of standard errors and standard deviations carried out, in order to make the figures comparable in presentation with our own, in relation to age and sex groupings. Similarly, from the data presented by Bernfeld, Bonner, and Berkeley (1960) for 5-year age groups, values have been re-grouped in decades and the standard errors and standard deviations recalculated. These workers examined a predominantly male population sample and did not analyse results obtained for the small female sample separately from the data for males, apart from a comparison of overall means for males and females.
It will be observed that, in spite of the reservations made above, there is a measure of agreement in trend between the three sets of data, in that all show an increase in mean level with age to the sixth decade and then a decrease. However, there is marked variation between the actual mean levels in the later decades, both these sets of American figures considerably exceeding those presently obtained. Possible reasons for this discrepancy are discussed later.
In Table IV Oncley et al., 1957) . It will be observed that, on the whole, the correlation with these figures is much more satisfactory. Possible reasons for the better correlation between our data and those in this second group are also discussed later.
As already shown (see Table II ) comparisons of small samples from a geographically homogeneous population correlate adequately, provided the samples are matched for age and sex. It was found that this held good even when observations were made with the dextran sulphate method carried out by two different observers using different sets of reagents, different batches of dextran sulphate, and different spectrophotometers. at different times. The results shown in Table V compare the levels obtained independently in this way in two successive years for pre-clinical student groups. It will be seen that the mean values and standard deviations showed acceptable agreement between the two student groups.
REPRODUCIBILITY OF OBSERVATIONS IN THE SAME
INDIVIDUAL It was found that the range of variation encountered in a given individual fell within the coefficient of variation of the method when repeated estimations were made on individuals with a wide range of mean levels, over weeks or months (Fig. 14) . As Fig. 12 illustrates, clearly greater variation is to be expected over an even more extended time scale but the relative constancy of serum low-density lipoproteins over the shorter periods indicated is of importance in relation to metabolic studies and allows confidence to be attached to abruptlyoccurring variations measured in the course of disease processes.
It should be noted that all measurements were carried out in the non-fasting state. It has been shown that dextran sulphate does not react with chylomicra and it was found that total low-density lipoproteins levels did not differ markedly whether the individual was in the fasting or non-fasting state.
It classes to obtain a figure for total low-density lipoprotein it was found that no significant difference could now be found between levels in fasting and non-fasting subjects, in conformity with the observations made in our own study and referred to above.
LOW-DENSITY LIPOPROTEIN LEVELS IN DISEASE Raised levels were encountered in severe and untreated diabetes, the nephrotic syndrome, xanthomatosis (x. tendinosum, x. tuberosum, and xanthelasma), chronic biliary obstruction, myxoedema and idiopathic hypercholesterolaemia and hyperlipaemia. The significance of altered serum levels in relation to the metabolism of these proteins in the last two conditions named above has been investigated by .
Decreased levels were encountered in thyrotoxicosis, in steatorrhoea arising from a variety of causes (Walton and Jones, 1964) , in the terminal phase of liver failure, and in a case of congenital deficiency of low-density lipoproteins (Salt et al., 1960) .
The variations in levels encountered in thyroid disease are illustrated in Fig. 15 (see also .
DISCUSSION
The evidence now presented establishes that the dextran sulphate method is a rapid and simple Survey of the data in relation to age establishes that mean levels show a slow but significant increase with age. This was found to continue into the seventh and eighth decades in women whereas mean levels decreased in these decades in males. Whether this is a true difference related to sex hormone withdrawal (see below) or whether it merely reflects the greater mortality in males in these decades cannot be determined, since, although similar trends were demonstrable in the data presented by other investigators (see Fig. 13 and Table IIl) , even in these larger surveys the number of individuals examined in the later decades was disproportionately small.
Although there are systematic differences between the absolute values obtained as mean levels at various ages (presumably reflecting technical differences in the methods of estimation and calculation) it can be said that our data and those of Glazier et al. (1954) agree in demonstrating that significant differences between the sexes exist in adults. Similar differences are suggested (see Table IV ) by the more limited figures published by Russ, Eder, and Barr (1951) and those of Furman, Howard, Lakshmi, and Norcia (1961) using different techniques. Failure to demonstrate differences between mean levels in males and females by Havel et al. (1955) and by Bernfeld et al. (1960) presumably reflects the more restricted female population samples examined by these authors.
Marked differences in serum low-density lipoprotein levels between the sexes were noted to occur over a period corresponding to the reproductive span. This suggests that the balance between male and female sex hormones exerts a determining influence on serum lipoprotein levels in the healthy adult, a preponderance of female hormones tending to be associated with relatively low levels and a preponderance of male hormones conversely associated with relatively high levels. It has already been noted above that, following the climacteric and with gradual diminution of gonadal activity in the later decades, the pattern becomes reversed, serum lipoprotein levels in females equalling and then surpassing levels in the male, the latter actually diminishing in relation to those seen in earlier decades.
Clinical observations also support this suggestion of the direct influence of the sex hormones in that serum lipid patterns have been observed to change following the premature destruction of ovarian function in women (Cochran and Gwinup, 1962; Sznajderman and Oliver, 1963) ; raised low-density lipoprotein levels in men can be markedly reduced by the administration of oestrogens to the point of producing feminization; and serum levels of lowdensity lipoproteins in both sexes become raised following treatment with methyl testosterone (Russ, Eder, and Barr, 1955) .
Studies in healthy adults using 1311-labelled lowdensity lipoproteins by and by It has been claimed that social class and occupation influence the incidence of cardiovascular disease: social class perhaps by way of the variation in the proportion of lipid in the diet imposed by economic circumstances, and occupation by way of the variation in the amount of physical exercise entailed in certain trades and avocations (Morris et al., 1953) . Low-density (beta) lipoproteins ofserum in health and disease using large molecular weight dextran sulphate 643 bimodally, the primary peak (Sf3-9) having a mode at about Sf6 and the secondary skewed and asymmetrical peak (S2O-400) a mode at about Sf35. The trough between these peaks represents the Sf10-20 class and could well represent the overlapping 'tails' from the major peaks since Sf classes from both major peaks are found to be represented in this class when the flotation distribution is analysed (Oncley, 1955; Oncley et al., 1957) . Overall increase of the low-density lipoproteins may be brought about by increase of both major peaks or by increase of one at the expense of the other. Even when the increase is predominantly of the one peak, there is invariably also increase of the height of the trough region between the major peaks, presumably because of the increased contribution of the 'tail' of the enlarged peak. On this basis, increase of the Sf 10-20 class could be looked upon merely as an indicator of overall increase of low-density lipoproteins rather than as an increase of a class of molecules in some way specifically related to correlative disease processes.
The various Sf classes are immunologically indistinguishable (Walton and Darke, 1963) , so clearly a method providing information about the overall level only of low-density lipoproteins may be of equal value in exploring further the association between serum lipid changes and arterial disease although recourse to ultracentrifugal characterization of the distribution of Sf classes may still be necessary for other diagnostic purposes.
